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A. Introduction

In this project, we are developing a new approach toward stimulating a patient’s own immune
system as a therapeutic approach for the treatment of cancer in general, and prostate cancer, in
particular. Thus far, immunotherapeutic approaches for treating cancer (including prostate cancer)
in the clinical setting have not been uniformly successful'. Many of these methods have been
directed toward the stimulation of a CD8+ T-cell response in the host, but have lacked a
mechanism for vigorous immune system stimulation and have not combined CD4+ T-cell
responses or B-cell involvement’. Recently, techniques involving stimulation of dendritic cells
(DC) with tumor antigens have begun to show promise, but the methods involve isolation of DCs
and in vitro stimulation, followed by re-injection into the patient. Our methodology involves
direct in vivo stimulation/maturation of DCs via Toll-like receptors (TLRs)*®. We are chemically
synthesizing molecular conjugates that comprise a TLR ligand covalently linked to a prostate
cancer tumor-associated antigen protein or peptide. Using this tactic, we anticipate that the
TLR-ligand portion of the conjugates will stimulate DCs (as well as other TLR-expressing
antigen presenting cells) to secrete immune-activating cytokines while the tumor antigen
component of the complex will be processed and presented to activated T cells. We have
addressed the synthesis of conjugates based on TLR-2 and TLR-7 ligands and will soon examine
a TLR-4 ligand®”. The prostate cancer antigen portion of the complexes currently includes an
MHC Class I peptide epitope from prostate-specific membrane antigen (PSMA)® and a general
MHC Class II peptide epitope (PADRE)™"°. Soon, we expect to include the complete
prostate-specific antigen (PSA) protein linked to each TLR ligand. Our conjugates are
water-soluble and represent a new and potent immune system stimulation and antigen
presentation mechanism with in vivo activation of DCs aimed at the stimulation of combined
CD8+ and CD4+ T-cell responses along with B-cell activation through the innate/adaptive
immune response connection. The conjugates are designed to elicit a vigorous immune response
to prostate cancer and may be administered by sc injection, nasal, or possibly oral routes.

B. Body

This section describes research accomplishments associated with the tasks outlined in the
original award application thus far.

Task 1. Synthesize lipopeptide carriers covalently conjugated to prostate-specific antigen (PSA)
~ protein (months 1-14)

We are preparing (with first year graduate student Jiang Sha) the PSA protein, which
contains a carboxyl terminal cyteine residue for chemical attachment to our TLR ligands.
The Pichia pastoris yeast expression system employed previously to express the native
PSA protein, is being utilized''. Primers that contain a carboxyl terminal cysteine (SNPSA:
S'-cectictcgagaaaagaattgtggga-3', PSASac: S'-taaccgeggttagcaggggttggcca-3') were
designed and PCR was performed with the plasmid proPSA/pET-12 (kindly provided by
Dr. T. Takayama, University of Washington) as the template. The primers were designed
such that digestion of the PCR product and the Saccharomyces cerevisiae expression
vector pPICZalphaAusing restriction enzymes Xhol and Sac resulted in an inframe




fusion of the mature PSA (no propeptide) sequence with the yeast o-factor signal sequence.
Restriction enzyme digestion of the vector and insert was done separately. Ligation was
performed at room temperature for two hours. The ligation mixture was transformed into E. coli
strain TOP10. After culture on low salt Luria broth agar plates that contained 25 pg/ml Zeocin,
Zeocin-resistant colonies were obtained. From eight colonies, one plasmid with the correct
sequence was chosen for transformation into Pichia pastoris strain X33. Sufficient plasmid DNA
was generated and linearized in the 5’AOX1 region with the restriction enzyme Pmel for
integration into the S'AOXI region of the chromosome of Pichia pastoris. Because pPICZalphaA
does not contain a yeast origin of replication, transformants can only be isolated if recombination
occurs between the plasmid and the Pichia genome. Chemical transformation was accomplished
using the linearized plasmid and competent Pichia cells. After a two-day incubation at 30 °C,
about 50 colonies were produced. A single colony was picked and incubated in 25 ml of
buffered glycerol-complex media until the cells were in log-phase growth. The cells were
harvested by centrifugation and resuspended in a buffered methanol complex media for induction
of the AOX1 promoter. Methanol was added to a final concentration of 0.5% in the media every
24 hours to maintain expression. After 72 hours, the supernatant was harvested by centrifugation.
Unfortunately, we have been unable to detect the desired recombinant PSA (rPSA) protein

(~ 28 kDa) by either reducing SDS PAGE or Western blot using mouse monoclonal anti-PSA
antibody. We are currently analyzing the recombinants for the correct product.

In paralle] with the rPSA effort, we have been working on the synthesis of the TLR-ligand
portion of our proposed conjugates. Our initial efforts were directed toward the preparation
of the TLR-2 ligand Pam,Cys (N-palmitoyl-bis-palmitoyloxy-(2R,S)-propylcysteine)'2
incorporating a thiol-reactive maleimide'* functionality for attachment of our rPSA protein
through the terminal cysteine functionality (Scheme 1).
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" After considerable effort, using a number of maleimide reagents as well as different
synthetic procedures to incorporate a maleimide group, we have been unable of obtain a
Pam,Cys-maleimide intermediate in sufficient yield or purity to be utilized.

We have turned our attention to the synthesis of Pam,Cys derivatives incorporating the
thiol-reactive haloacetamide functionality (Scheme 2). Bromo, chloro, and iodo
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Pam,Cys derivatives have been prepared. It presently appears that the iodo derivative is too
reactive for use in our synthetic scheme. We are currently evaluating the reactivity of the
chloro and bromo derivatives with thiol-containing peptides to decide upon the most suitable
intermediate for our application.

Concurrently with the Pam,Cys work, we have prepared a TLR-7 ligand derivatized with
chloro and bromo haloacetamide functionality (Scheme 3). The ligand is based on the
imadazoquinoline'*"” class of immunostimulants in which the mode of action has recently been
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identified as activation of the TLR-7 receptor'’. Using the TLR-7 haloacetamide
intermediates, we have prepared an immunostimulatory conjugate based upon the
PSMA HLA-A2 restricted peptide epitope (ALFDIESKV)®, which incorporates an
aminohexyl spacer between the peptide epitope and a terminal cysteine for attachment
to the TLR ligands (Scheme 4).
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We are currently preparing the TLR-7 conjugate with the general CD4+ HL.A-DR
restricted peptide epitope PADRE™" linking the same aminohexyl functionality to a
terminal cyteine (aK-clohexylalanine-VAAWTLKA Aa-aminohexyl-C)*"°. Soon we
will prepare the analogous Pam,Cys conjugates with the PSMA peptide and PADRE.
With the availability of rPSA, we will also be in a position to prepare the analogous
TLR-2 and TLR-7 immunostimulating complexes with the complete PSA protein.

Immunize HLA-DR4 and HLA-2A transgenic mice with lipopeptide-PSA conjugates.
Analyze immune responses and test responses against prostate cancer cell-lines
(months 9-25) 4

With the availability of synthesized immunostimulating conjugates we are on schedule
and are now preparing for mouse immunization experiments. Transgenic mice have
been ordered, and the initial immunization experimental plans are being finalized.
Prostate cancer cells (LNCaP) have been obtained and cultures are being established.

Prepare a PSMA covalent conjugate having a superior lipopeptide carrier determined
from Task 2. Perform mouse immunization experiments. Test responses against
prostate cancer cell-lines (months 20-36)

This task is scheduled for later in the program.




C. Key Research Accomplishments
This section provides a list of key accomplishments for the first year from this research.
* Ligands recognized by TLR-2 and TLR-7 have been prepared.

» These ligands were chemically modified with thiol-reactive haloacetamide
functionality for attachment of cysteine-containing antigenic proteins and peptides.

* TLR-7 ligand-antigenic peptide conjugates have been prepared.
* All newly-synthesized compounds have been purified and chemically characterized.

* Plasmids to be used for expressing rPSA protein with a terminal cysteine for
chemically linking to TLR ligands have been designed and expressed.

D. Reportable Qutcomes

Graduate research assistant, Mr. Jiang Sha, is supported by this program, and the results from his
research will be incorporated into his dissertation. ’

E. Conclusions

Research on this program thus far has provided modified TLR-2 and TLR-7 ligands suitable for
chemical attachment of prostate cancer associated antigenic peptides and proteins. The resulting
immunostimulating conjugates are ready for use in mouse immunization experiments in order to
ascertain the production of CD8+ and CD4+ T cells as well as antibodies specific to prostate cancer
antigens.

This research is significant in that it represents the first attempt to generate an immune response to
prostate cancer antigens from the potent immune system activation that arises from the innate/adaptive
response connection utilizing targeted TLR signaling in combination with antigen presentation.
Evaluation of the separate conjugates will provide new insight into the effectiveness of the immune
response to the same antigen stimulated by different TLRs. Such effects are not yet known.
Furthermore the possibility of an increased immune response to cancer antigens presented
simultaneously with more than one TLR receptor activation path has not been explored. With our
newly-synthesized conjugates, we are in a position to initiate these exciting studies.
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